To compare image qualities of 80 kVp CT venography (CTV) and 120 kVp CTV by model-based iterative reconstruction (MBIR) at the same radiation dose. Materials and Methods: Sixty-nine patients that underwent CTV using 80 kVp (36 patients, group 1) or 120 kVp (33 patients, group 2) with MBIR at the same radiation dose were enrolled, and objective and subjective image qualities were assessed independently by two radiologists. Results: Mean vascular enhancement and contrast-to-noise ratio were significantly higher in group 1 than in group 2 for inferior vena cavas, femoral veins, and popliteal veins (p < 0.001), and there was significantly lower objective image noise in group 1 (p < 0.001). Subjective analysis revealed image quality was significantly higher in group 1 and image noise was significantly higher in group 2 (p < 0.001). Mean dose-length products was not significantly lower in group 1 (356.1 ± 153.7 mGy cm) than in group 2 (370.1 ± 77.1 mGy cm) (p = 0.635). Conclusion: CTV at 80 kVp with MBIR is a better protocol than CTV at 120 kVp with MBIR at the same radiation dose.
INTRODUCTION
CT venography (CTV) is being increasingly used to diagnose DVT or other venous pathology, because it offers a rapid and available alternative to sonography (1) . In previous studies, CTV was reported to have 89-97% sensitivity and 94-100% specificity for the detection of deep vein thrombosis (DVT) of the pelvis and lower extremities (2) (3) (4) . Due to concerns associated with ionizing radiation exposure, several dose reduction methods have been developed by CT manufacturers (5) . Recently, lower tube voltages have been applied to reduce radiation dose during CT acquisition, and other methods, such as tube current modulation and the usages of noise reduction filters and a higher pitch, have also been shown to be effective (6) . However, lower tube voltages, such as, 80 kVp, have not been widely applied to CTV, because of increased image noise and reduced image quality of the standard filtered back projection (FBP) algorithm at low doses (7, 8) . According to recent studies, CTV at 80 kVp with model-based iterative reconstruction (MBIR) and automatic tube current modulation (ACTM) were used to maintain image quality and reduce radiation dose and provided acceptable image quality for the evaluation of DVT, and was superior to FBP (9, 10) . Furthermore, the use of 80 kVp CTV has been shown to result in significantly higher venous attenuation than that of conventional 120 kVp CTV (11) .
The degree of venous enhancement on CTV is important for DVT detection, and a low tube voltage CTV protocol offers a promising alternative method for increasing venous attenuation without increasing the amount of intravascular iodine (1).
Thus, the purpose of this study was to compare the image qualities and radiation doses of 80 kVp and 120 kVp CTV of the lower extremity using MBIR at the same noise index levels.
MaTeRIalS aND MeThODS

Patient Selection
This retrospective study was approved by our Institutional Re- 
CT Protocols
All patients underwent scanning with a 64-detector CT (Discovery 750 HD, GE Healthcare, Waukesha, WI, USA). CTV was performed in the craniocaudal direction from the T12 level to tips of toes during a single inspiratory breath-hold. The detailed acquisition parameters were; 80 kVp (group 1) or 120 kVp (group 2); ATCM; section thickness, 3 mm; reconstruction increment, 2 mm, and noise index 21, according to previous study (9) . CTV was initiated 4 minutes after completing the intravenous injection of nonionic iodinated contrast medium (350 mg I/mL, Iobitridol, Xenetix, Guerbet, Villepinte, France) using an automated pump at a rate of 3 mL/s through an antecubital vein and a subsequent 0.9% saline (25 mL) flush at the same flow rate. The total amount of injected contrast material was adjusted according to body weight (2 mL/kg, maximum: 120 mL).
Image Analysis
All contrast-enhanced CT images were interfaced directly with our picture archiving and communications system (PACS) Table 1) .
Evaluation of Radiation Dose
Dose-length products (DLPs; a CT radiation dose descriptor) were provided by the scanner system. Total scanned distance was also recorded.
Statistical Analysis
The analysis was performed using SPSS software ver. 22 Table 2) .
ReSUlTS
Overall patient characteristics are shown in (Table 4) .
Also, mean CNR in group 1 was significantly higher than in group 2 (p < 0.001). Mean CNRs for IVCs were 7 ± 2.8 in group 1 and 5.2 ± 1.7 in group 2; for FVs were 6.8 ± 2.8 in group 1 and 5.2 ± 1.7 in group 2; and for PopVs were 6.8 ± 3.3 in group 1 and 5.7 ± 1.9 HU in group 2 (p < 0.001). Moreover, in group 2, objective image noise in all measured veins was significantly higher than in group 1 (p < 0.001) ( Table 4 ). Mean objective image noise in IVCs were 11.2 ± 1.4 in group 1 and 13.5 ± 4.11 in group 2; in FVs were 10.1 ± 2.1 in group 1 and 12.5 ± 2.6 in group 2; and in PopVs were 10.4 ± 2.5 in group 1 and 12 ± 3.6 Good, optimal enhancement allowing confident diagnosis of the presence or absence of a clot 5
Excellent, optimal enhancement superior to a score of 4 allowing for confident diagnosis of the presence or absence of a clot Image noise 1 Optimal, none perceivable 2
Moderate, but sufficient for diagnosis 3 Unacceptable, no diagnosis possible HU in group 2. Subjective image qualities as assessed by both readers were significantly higher in group 1, and subjective image noise assessed by both readers was significantly higher in group 2 (p = 0.635) ( Table 5 ).
The CKC of vascular enhancement was almost perfect; of objective image noise was substantial; and of CNR was substantial; and CKCs for subjective image quality and subjective image noise were also substantial. Mean DLP in group 1 (356.1 ± 153.7 mGy cm) was not significant lower than in group 2 (370.1 ± 77.1 mGy cm).
DISCUSSION
In this study, 80 kVp CTV showed significantly greater venous enhancement and CNR than 120 kVp CTV, as evidenced by objective image quality, and significantly better overall subjective image quality. Contrast is increased at low tube voltage because the application of lower tube voltage increases the photoelectric effect and decreases Compton scattering, which leads to a higher mean iodine attenuation value (13, 14) . Therefore, low tube voltage CTV protocols can improve vascular enhancement at the same concentration of intravascular iodine and better detect DVT. However, lowering tube kVp not only increases the iodine attenuation level but also lowers the total energy flux, and thus, increases image noise, which might degrade image quality (15) . Ertl-Wagner et al. (16) reported lower diagnostic confidence for CT angiography of the brain at 80 kVp than at 120-140 kVp. Recent technical developments include image reconstruction algorithms that improve and optimize data processing and enable radiation dose reduction while maintaining diagnostic image quality (17, 18) . Several authors have reported significant dose reductions of up to 80% for various parts of the body for low dose CT with MBIR (7, (19) (20) (21) . ACTM systems have been developed by CT manufacturers to improve image quality consistency and control the dose absorbed (22) . ACTM is based on the fact image noise is determined by X-ray quantum noise in transmitted beam projections (10) . This technique aims to modulate tube current based on regional body anatomy to adjust X-ray quantum noise and maintain constant image noise with improved dose efficiency (10) . This is why we used ATCM at a noise index level of 21, as in our opinion it maintains diagnostic image quality and offers the advantage of dose reduction. In this study, objective and subjective image noise were significantly lower at 80 kVp. Therefore, we applied MBIR and ACTM in both groups at the same noise index in order to improve image quality and reduce radiation dose, and all images produced were acceptable for diagnostic purposes. Furthermore, we found the 80 kVp protocol resulted in significantly better subjective and objective image quality than the 120 kVp protocol at the same noise index level (Fig. 1) . Mean DLP was higher in the 120 kVp group, but no significant difference was noted. Interobserver agreement with respect to vascular enhancement evaluation in both groups showed almost perfect agreement, and subjective analysis showed substantial interobserver agreement. These findings suggested that the technique used was reproducible. The present study had several limitations that warrant consideration. First, it was limited by its retrospective nature and by the relatively small number of patients enrolled. Thus, we suggest a large-scale prospective study be conducted to confirm our findings. Second, diagnostic accuracies in the two study groups were not compared. We suggest these issues be evaluated in future studies. In conclusion, CTV at 80 kVp with MBIR and ACTM provided better overall diagnostic image quality, vascular enhancement, and CNR than were obtained using the 120 kVp protocol at same radiation dose. Therefore, we propose 80 kVp CTV with MBIR might be considered as a potentially optimal protocol for evaluations of DVT or other venous pathologies in clinical practice.
